was born on 17 July 1905 at Rodborough, Stroud, Gloucestershire, the son of Roderick George Redman and Elizabeth Miriam Annie Stone. He was the only boy in the family, having three younger sisters.
He went up to St John's in 1923, when he was just 18. From letters he wrote from Cambridge for publication in The Marlingtonian, it is evident that he found life as an undergraduate very full and interesting; but, apart from his systematic winning of the relevant academic prizes, his activities were not such as to achieve the notoriety of being chronicled in the College magazine, The Eagle. In his undergraduate years he maintained the Baptist tradition of his family, and indeed became President of the Robert Hall Society, the Univer sity Baptist society. Later, however, while by no means becoming anti-religious, he did not continue a connection with religious organizations. He graduated in the Mathematical Tripos in 1926 with a distinction in the Schedule B papers of those days (electricity, relativity, dynamics and the combination of observa tions).
After graduation, he remained at St John's to work under Eddington at the University Observatory. The courses he had taken on relativity and on the combination of observations were given by Eddington; it was probably the acquaintance made through those lectures which led to Redman's doing his Ph.D. under Eddington, who took very few research students. Since boyhood, Redman had been interested in astronomy, but he did not appear to have formed an intention to make it his career until he came under the influence of Eddington, whom he held in great respect throughout his life.
To maintain himself in Cambridge during his studies, Redman obtained a number of studentships. These included a Slater Studentship, a Baylis Student ship, a Sheepshanks Exhibition, an Isaac Newton Studentship, and-perhaps the more remarkable for being in a field far removed from his academic disci pline-a John Stewart of Rannoch Scholarship in Sacred Music. As well as becoming an excellent pianist, he had been taught to play the organ by Miss E. K. Brinkworth, who succeeded Redman's father as organist at Stroud Baptist Church and had a long and distinguished career as an organist and teacher; for a time, indeed, while still at school, Redman was deputy organist at Stroud. When he went up to Cambridge he took lessons from C. B. Rootham at the organ of St John's College Chapel, and it was at Rootham's suggestion that he entered for the Rannoch Scholarship.
In 1928, while still a research student, he obtained a Travelling Fellowship to the Dominion Astrophysical Observatory, Victoria, British Columbia; the following year he took a post as Assistant Astronomer there. His tutor at St John's, J. M. Wordie (who later became Master of the College), in a letter of recommendation sent to Victoria, asserted that 'his ability for hard work and his agreeable character will make him a strong candidate'. Certainly Redman lost no time, when he arrived in Victoria, in applying himself to a strenuous programme of observing with the 72 inch reflector, which was then second in size only to the 100 inch on Mount Wilson.
During his time as a research student, Redman's work lay in the field of dynamical astronomy. At Cambridge he estimated the dynamical parallaxes of more than 800 binary stars and used them to obtain the mean absolute magnitudes of stars of different spectral types, in order to define the mean lines of the main sequence and the giant branch in the Hertzsprung-Russell diagram. This work was published in two papers, 'communicated by Professor A. S. Eddington', in Monthly N o t i c e s , 88, and probably re purely theoretical work which Redman ever did. At Victoria, acting on the suggestion of the Director, J. S. Plaskett, he made a strongly observational approach to another problem in stellar dynamics by investigating galactic rotation through radial-velocity measurements of many faint K-giant stars at low galactic latitudes. He also followed up some earlier work of Plaskett's by a new determination of the spectroscopic orbit of Y Cygni, a double-lined spectroscopic and eclipsing binary whose orbit shows rapid apsidal motion. His Ph.D. thesis included not only his Cambridge work but also a discussion of a substantial number of the Victoria observations; the degree was conferred by proxy on 17 October 1930.
S olar Physics Observatory, Cambridge, 1931 -39 In 1931 Redman returned to Cambridge as Assistant Director of the Solar Physics Observatory, where Professor F. J. M. Stratton (F.R.S. 1947) had recently become Director. In the following year he was elected to a Fellowship at St John's College, and the year after that he was additionally appointed University Lecturer in Astrophysics.
Redman's experience as an observer at the Dominion Observatory, and his natural inclination, impelled him to interpret his duties as Assistant Director of the Solar Physics Observatory as observational rather than as theoreticalas at least one of his predecessors, E. A. Milne, had done with great distinction. A problem which at that time was in the forefront of the minds of astrophysicists was the determination of the strengths of absorption lines in stellar and solar spectra-the latter being particularly appropriate to the climate of England, as there was quite enough sunshine for the purpose, and to an instrument of the Solar Physics Observatory, namely a large prismatic spectrograph which was fed with sunlight by a coelostat. Redman set out to determine the profile of at least one solar line with the greatest precision that he could apply to the purpose, and he realized that the weakness in all current determinations was the scattering of light, within the spectrograph, from comparatively remote wavelengths into the line under consideration. To eliminate this so far as possible he designed and constructed a monochromator. This received an image of the Sun on a slit and dispersed it into a spectrum, which fell on a gate in the spectral plane. The narrow band of light which was transmitted by this gate passed through another, similar, set of optics in which the disper sion was reversed, so that it was refocused as an image of the original slit, with the same convergence as the light forming the original image of the Sun. But this second solar image was sensibly monochromatic. The monochromatic solar image was made to fall on the slit of the main spectrograph, at whose focus a short spectrum free to a high degree from light of extraneous wave lengths was formed. To adjust this apparatus naturally required considerable skill, and this Redman supplied. Redman also determined accurately the instru mental profile of the great Littrow spectrograph by measuring the apparent profiles of a number of very fine neon lines. With these techniques he deter mined the profile of a single solar line (Ca I, 4227 A) together with those lines which fell within its wings, and published the results, in the form of a graph, in 1935. He did not return to the subject until he had, characteristically, re designed the monochromator and built a new one. The profiles of six more lines were published in 1937. The principal result of this work was to show that the central residual intensities of strong metallic lines in the solar spectrum were near 2% of the intensity of the continuous spectrum-a value since con firmed as correct-rather than about 10% as had been found by previous investigators.
While at the Solar Physics Observatory, Redman twice accompanied F. J. M. Stratton, the Director, to total solar eclipses. The first expedition was to Quebec, for the eclipse of 31 August 1932, but (as was often the case with Stratton, who enjoyed very bad luck with the weather at eclipses) the day was cloudy and nothing of scientific value was seen. Redman's instrument was intended to photograph the 'flash' spectrum-the chromospheric spectrum briefly obser vable at the times of second and third contact-with a time resolution of about 0.7 s. For this purpose a dispersed solar image was formed by an objective grating spectrograph, and a slit parallel to the disperson in the focal plane allowed a narrow strip of spectrum to fall on a plate which was moved continu ously past the slit.
Although nothing was achieved in 1932, the experience brought home to Redman the shortcomings of this type of instrument, the most notable being that the profiles of all spectral lines are convoluted with the distribution in height of the regions in which they are respectively formed. One dimension of the plate is really needed for spectral dispersion and the other for chromo spheric height, leaving no scope for obtaining time resolution by driving the plate continuously. To overcome this difficulty, Redman engineered a slit spectrograph with a 'repeating back': by turning a handle continuously, a series of discrete exposures was made on film. The exposure times were of the order 0.5 s and the interval between the end of one exposure and the start of the next was about 0.4 s. The slit was set tangentially to the solar limb at a position angle close to the expected points of second and third contacts.
Such an arrangement was used at each of the four eclipses which Redman subsequently observed, the first of which was in Japan on 19 June 1936. The procedure followed at all of these eclipses was to rely on the computed times, and to begin the series of exposures at an appropriate interval before the moment of contact, so that the spectrograms began on the solar limb and successively covered a range of heights in the chromosphere, or vice versa. Since the number of exposures available was limited, and the whole series was taken in a few seconds, while the overall duration of the phenomena to be photographed was about the same, it is evident that these observations required (even more than most eclipse projects) meticulous preparation and rehearsal, and a steady nerve at the critical time. Redman's record in these matters is unblemished, his only failures being imposed by bad weather. In the case of the Japanese eclipse, thick cloud again largely nullified the efforts of Stratton's party; but Redman did obtain a series of spectra at second contact, although rapidly varying cloud reduced its potential value.
It may have been the interest which Redman found in considering the spectrum of the solar limb, in connection with this eclipse, which prompted him to undertake an ingenious study of the centre-to-limb variation of Fraun hofer lines in the primaries of two Algol-type binary stars, with plates he obtained with the 72 inch telescope during a summer visit to Victoria in 1934. In the systems he investigated, the primary is totally eclipsed by a larger but dimmer secondary star; the principle of Redman's method was to obtain the spectrum of the secondary alone by means of observations made during totality, and to subtract it from spectra obtained in the partial phases, the geometry of the eclipse being known from photometry.
Redman then turned his full attention to a topic which had interested him for several years, the photographic photometry of elliptical galaxies-elliptical nebulae, as they were called at that time. Upon his return to Cambridge in 1931 he had begun the photography of such nebulae with the 36 inch reflector, initially with a view to determining the distribution of light in them. In prin ciple the telescope was rather well suited to the task, having-in relation to the standards of the day-a satisfactorily large aperture and the relatively short focal ratio of //3.8. However, it gave such poor images as to vitiate any efforts at surface photometry, and for some time Redman contented himself with measurements of integrated magnitude. Hartmann tests showed that the primary mirror was astigmatic, and in 1935 C. R. Burch (then Leverhulme Research Fellow at Imperial College; F.R.S. 1944) refigured it. To Redman's chagrin, the images at the Newtonian focus were scarcely improved; the remaining trouble was traced to concavity of the Newtonian flat, and Burch refigured that too. From that time onwards Redman, with E. G. Shirley as collaborator, was able to proceed with surface photometry of nebulae, mostly elliptical but also including the Andromeda Nebulae; the series of papers was only terminated when 'other circumstances prevented further pursuit of the investigation by either author' (1938) .
As far as Redman was concerned, the circumstances were that he resigned his position at the Solar Physics Observatory and accepted an appointment as Chief Assistant at the Radcliffe Observatory, whose Director was H. KnoxShaw. The Observatory was for many years at Oxford, but the Radcliffe Trustees decided to sell their valuable property in Oxford and with the money so raised to erect at Pretoria, in South Africa, a 74 inch telescope, which would be the largest instrument in the Southern Hemisphere. The work was entrusted to Messrs Grubb, Parsons who had by 1937 substantially built the telescope; but the mirror as first made was not deemed acceptable. Shortly before World War II the telescope was ready in Pretoria apart from the mirror, which was still being refigured at Newcastle in England. When war broke out, work on 340 Biographical Memoirs the refiguring stopped and the mirror was put under sandbags to protect it from bomb damage. Although he was appointed to the Radcliffe Observatory in 1937, Redman did not travel to South Africa until February 1939. In the intervening period he remained in Cambridge to look after the preparations for the Radcliffe telescope-in particular the provision of a good spectrograph for use at the Cassegrain focus. He was dissatisfied by the slow performance of then-existing stellar spectrographs, and recognized that it was due to there being too many pieces of glass in the optical train; he designed the spectrograph for the 74 inch himself, and supervised its construction by a firm not specializing in such work. This two-prism spectrograph was very successful; it gave sterling service in Pretoria for twenty years, and only went out of general use when the need arose for a different design, one which would accommodate image intensifies.
Radcliffe Observatory, Pretoria, In 1939, therefore, Redman found himself in Pretoria with a telescope with no mirror, and with no prospect of getting one until at least a year or two after hostilities ceased. He made the best of this difficult situation in a number of ways, although a good deal of his time was taken up with the maintenance of the telescope and dome, a task he was obliged to do with his own hands-the Radcliffe Observatory had no mechanic at that time, and the second assistant, E. G. Williams, though only 34, died in 1940. He observed the total solar eclipse of 1 October 1940 from Calvinia, a small town on the Karroo about 250 miles north of Capetown. The interesting results obtained by A. D. Thackeray* from Redman's 1936 eclipse spectra, despite their having been taken through cloud, encouraged further efforts to be made by the Solar Physics Observatory to obtain still better spectra at subsequent eclipses. Redman was substantially involved in the planning of the equipment for the 1940 eclipse before he left Cambridge, although it fell to Thackeray to make the actual instrumental preparations after Redman's departure. When, in the event, war time conditions led to cancellation of all English expeditions to the 1940 eclipse, the spectrograph and other necessary equipment were shipped to Capetown, through the good offices of the Astronomer Royal, for Redman's use. The spectrograph was a prism instrument of focal length 2.4 m, giving a dispersion of 3.6 A/mm at Hy; the region photographed was 4000-5000 A, the choice being largely dictated by instrumental considerations. As in 1936, the camera mechanism permitted a series of exposures to be made at short intervals simply by turning a handle; the provision of new lenses giving a flat field allowed the use of plates instead of film. Experience in 1936 of the difficulties caused by exposing the spectrograph to large diurnal ranges of temperature led Redman to instal the whole instrument in a large pit which he dug for the purpose.
Eclipse day was clear and the observations were very successful. During the ensuing two years Redman devoted a great deal of time to working up the results. He catalogued almost 4000 chromospheric emission lines and identified three-quarters of them. From the line profiles he deduced the controversially high temperature of 30 000 K, the variation of line width with atomic mass being in accordance with the hypothesis that the broadening was solely due to thermal velocities. At the solar limb, the spectrum changed remarkably suddenly from an absorption to an emission spectrum. Redman found that the abruptness of the transition had been underestimated previously, because spectra of the extreme limb were greatly contaminated with superposed chromo spheric spectrum. His quantitative photometry permitted him to subtract the chromospheric component, and to show that a pure Fraunhofer spectrum continued up to within 1 second of arc of the limb, and probably to within 0.4 second. This observation was in conflict with the ordinary theory of Fraun hofer lines, and Redman proposed that the roughness of the solar surface, such as is suggested by granulation, was responsible.
When this work was largely completed, Redman turned, with characteristic resourcefulness, to using a 12 inch mirror and the 7 inch finder of the 74 inch telescope, which were the only instruments at his disposal, for a programme of photographic photometry of bright stars. For this work he followed Fabry's method, in which a small field lens images the telescope aperture in the light of the chosen object as an almost uniformly illuminated patch on the photo graphic plate. His familiarity with the method originated in Cambridge where he had used it experimentally in nebular photometry; in his stellar work at Pretoria he was able to achieve standard errors not much greater than 0m.01 with this technique. It was Redman who coined the terms 'Fabry lens' and 'Fabry image'.
A conjunction of interests then brought about a collaboration with the Cape photometric observers. In 1944 the Cape cameras used for in-focus stellar photometry were sent to Pretoria and bolted on to the mounting of the 74 inch telescope. Redman took more than 400 pairs of plates with them in a programme which he described, in a paper with Menzies and Stoy, in 1949.
Useful as these activities were, they were hardly such as to satisfy the aspira tions of an astronomer who had come out to exploit the largest telescope in the Southern Hemisphere; and after ten years, in 1947, Redman resigned and accepted appointment to the Chair of Astrophysics in the University of Cam bridge, together with the Directorship of the Observatories. At the same time he resumed his Fellowship at St John's College. He had been elected to Fellow ship of the Royal Society the previous year.
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Cambridge Observatories: re-equipment phase, 1947- 55 The institution of which Redman found himself Director in 1947 was by no means in a satisfactory condition to undertake research of a standard and character to please Redman, who at once set about the substantial task of reorganizing and re-equipping the Cambridge Observatories as a modern scientific department.
In 1946 the University of Cambridge, by amalgamating the University Observatory with the Solar Physics Observatory, had itself taken the major step of rationalizing the somewhat Gilbertian situation whereby since 1913 it had run, as entirely separate institutions with separate directors, staffs and libraries, two observatories on mutually adjacent grounds. The Solar Physics Observatory, operated in South Kensington under the aegis of the Board of Education since 1879, was moved to Cambridge in 1913 when the South Ken sington site was required for other purposes; the University of Cambridge became responsible for its activities and for administering the annual Treasury grant by which they were funded.
Nevertheless, much more than an administrative reorganization was required. The combined Observatories did not possess a single major instrument con structed in the twentieth century. The largest telescope, the 36 inch Common reflector, dated from 1890; it was owned by the Science Museum, and Redman made no effort to conceal his opinion that that was where it had always belonged and that it should never have left South Kensington! Indeed, it had been idle for nearly twenty years after its removal to Cambridge, until Redman himself resuscitated it for use in his investigations of elliptical nebulae in the 1930s. The 25 inch Newall refractor was constructed in 1870 and had been given by R. S. Newall to the University in 1889. In 1908 the Royal Society had presented the University with the telescopes made for Sir William Huggins and used by him at Tulse Hill since 1870. They consisted of a 15 inch refractor and an 18 inch speculum-metal reflector, mounted together on a single polar axis. The Sheepshanks telescope was an unusual 12 inch coude refractor, com pleted in 1898. The 12 inch Northumberland refractor, dating from 1838, had not been used for research purposes since 1897. Moreover, partly owing to the difficulties arising from the 1939-45 war, the libraries were in a state of disarray, while the buildings also had suffered from age and neglect. The steel dome of the Newall telescope was seriously rusted and at the end of its useful life; the other domes were covered with papier-mache which was beyond repair.
The situation underwent a dramatic change during the early years of Red man's Directorship. With funds obtained through the University Grants Com mittee, two new telescopes, a powerful solar instrument and a well-equipped mechanical workshop were acquired. The Newall telescope was given to the University of Athens, which provided a new building and dome to house it; the Common reflector was returned to the Science Museum; and the Sheep shanks and Huggins telescopes were scrapped. The Newall and Sheepshanks buildings were demolished, and the papier-mache coverings of the other domes were replaced by copper sheeting. Arrears of maintenance on all the buildings of the Observatories were overtaken; the two libraries were amalga mated, organized and catalogued, and gaps in many periodical series were made good. All this was accomplished in the difficult years immediately follow ing the war.
The first of the new facilities to come into operation was the workshop, completed in 1951. It had a staff of five, and was to be an enormous asset to 344 the Observatories not only in the construction and maintenance of equipment used in Cambridge but also in making special instruments for expeditions and for use by Cambridge observers on telescopes elsewhere. Of the five men who staffed the workshop shortly after its completion, four still work there today.
The solar telescope was finished in 1953. After considerable discussion Redman abandoned his original plan for a solar tower in favour of a horizontal telescope-it became, by an obvious analogy, known as the 'solar tunnel'. The 12 inch objective lens and the mechanical parts of the heliostat were transferred to the new instrument from an earlier solar installation, which was housed in an annexe to the Newall dome, and which owed its existence to a bequest made by Dr Frank McClean, F.R.S., in 1904. New mirrors made of quartz were provided for the heliostat, together with a new Littrow spectro graph employing a very fine 200 x 137 mm diffraction grating ruled by Babcock at Mount Wilson Observatory and provided by him on a long term loan. This instrument was principally used for the investigation of solar magnetic fields, and formed the basis of a Babcock magnetograph from 1956 onwards. To obtain better observing conditions an overseas site was sought, and after long delays partly due to political difficulties the equipment was transferred to a new 'tunnel' at Tal Virtu Castle in Malta in 1966. Although the work with the solar tunnel was largely conducted by H. von Kliiber and D. W. Beggs, Red man always retained an active interest in solar research, and paid numerous visits to the Malta station.
The two new stellar telescopes were a Schmidt camera of 17 inches clear aperture and a 36 inch reflector, both made by Grubb, Parsons at Newcastle. The Schmidt was delivered in 1953 and the reflector two years later. The new 36 inch was designed for use either at the//4.5 prime focus, or else at a coude focus for which alternative secondary mirrors offering focal ratios o f / / 18 and //30 were available. The coude arrangement was unusual in that the light travelled up rather than down the polar axis after reflection at the coude flat. This had the advantages of allowing coverage of the whole sky north of -5° declination with a coude system having only three mirrors, and of avoiding very oblique angles of incidence on the flat. It also provided a focus at a level conveniently situated with respect to the telescope instead of in the deep basement required by a conventional coude at the rather high latitude (52°) of Cambridge; this made it practicable for an observer to work alone, setting the telescope and operating auxiliary equipment from a single control station.
While the re-equipment programme was in progress, Redman was far from idle. He had brought from South Africa the Cape cameras which he had used at Pretoria, and attached them to the mounting of the Huggins telescopes in place of the 18 inch reflector. With Beer and Yates as collaborators, he deter mined the photographic and photovisual magnitudes of well over a thousand stars in the +15° Selected Areas by direct comparison, on the same plates, with the stars of the North Polar Sequence. The latter stars constituted the Biographical Memoirs internationally accepted definition of the magnitude scales, and the purpose of the work was to transfer the magnitude system of the North Polar Sequence to a declination which was also conveniently accessible to southern observers. While the photographic work was still going on, a novel photoelectric technique of magnitude determination was being developed on the Huggins refractor, largely by G. G. Yates. This was the 'pulse-counting' method, since adopted almost universally, whereby electron showers arising from individual photo electrons liberated from a photomultiplier cathode are counted digitally, rather than being regarded as a continuous current. The technique, whose develop ment was continued by Beggs after Yates left the Observatories in 1956, showed considerable gains over the continuous-current method. The advantage arises because each photoelectron receives unit weight in the result, instead of being weighted in proportion to the (very variable) size of the electron shower, and noise originating elsewhere than at the cathode is rejected by counting only pulses exceeding a suitable threshold height. The performance of the pulse counting photometer in actual astronomical use, in two of its early versions, was described by Redman at a meeting of the American Association for the Advancement of Science in 1951. Many of the 15° Selected Areas stars were measured with the pulse-counting instruments, and the results were incor porated in the paper, published in 1954, giving their magnitudes. Finding a suitable medium for the publication of this work, with its extensive tabular material, occasioned some delay; the difficulty was resolved when the Royal Astronomical Society decided to reactivate its Memoirs, a series which had been dormant for many years. Ever since 1954, the R.A.S. Memoirs have continued to serve as one of the principal means of publishing papers of a character comparable with that of the Selected Areas photometry.
The total solar eclipses of 1952 and 1954 provided Redman with the oppor tunity to follow up the remarkably detailed investigation he made of the chromospheric spectrum at the South African eclipse of 1940. The high temperature derived from the 1940 material had been the subject of much criticism in the intervening years, and there was every incentive to repeat the observations as well as to reconsider their interpretation.
He observed the 1952 eclipse from Khartoum. He was accompanied on the expedition by D. E. Blackwell and von Kliiber, and by H. Zanstra, who had assisted him at the eclipse of 1940; in 1952 each member of the party was responsible for a separate experiment. Redman's instrument consisted of a large spectrograph employing a concave grating of 6 m radius, giving a dispersion of nearly 2 A/mm. As in 1940, the spectrograph was installed in a pit (which was largely excavated by Redman himself). There were two inde pendent plateholders, one covering the wavelength region 3430-4110 A and the other 5550-6040 A. Again following the principles which had proved so successful in 1940, each plateholder was designed to allow several consecutive exposures of the order of 1 second's duration to be made, with minimum intervals between them. The eclipse was seen in excellent conditions, confirm ing meteorological expectations, and good spectra were obtained both in the yellow, at second contact, and in the ultraviolet, at third contact. The widths of chromospheric emission lines proved to be in good general agreement with those found in 1940, save that the Baimer lines were narrower. In 1940 the only Baimer lines within the observed range of wavelengths were H(3, Hy and H8; the 1952 ultraviolet spectra were deliberately arranged to include the higher members of the series (lines up to = 30 were in fact observed), for which the intensities are smaller and the propensity for broadening through saturation correspondingly less. In a discussion of the 1952 plates in collabora tion with Suemoto, Redman found that the linewidths were best fitted by a temperature of 10 000 K, and could even be reconciled with 6000 K, when the effects of saturation and Stark broadening were fully taken into account. The widths of the metallic lines, now somewhat greater than would correspond to thermal velocities at the temperature inferred from the Baimer series, were ascribed to modest turbulence.
For the eclipse of 30 June 1954, Redman went to the island of Syd-Koster, off the southeast coast of Sweden. There he set up a spectrograph even more powerful than before, using the Babcock grating, to record the chromospheric spectrum in the ultraviolet at 1 A/mm. The equipment worked correctly, but thin cloud resulted in under-exposure so that the spectrograms were only suitable for measurements of strong lines, and could not serve as a basis for further discussion of the chromospheric temperature. However, evidence in favour of a low temperature was accumulating from analyses of molecular rotational temperatures. CH bands on the 1940 flash spectrograms gave a temperature of 6400 K; the 3883 A CN band seen on the 1952 plates was analysed by D. V. Thomas under Redman's supervision and indicated a varia tion of temperature with height within the range 4500-7000 K.
Cambridge Observatories: later years, Initial tests of the new 36 inch reflector showed that there was a large local contribution to the seeing. Redman, who was assisted in the tests by D. W. Dewhirst, P. B. Fellgett and R. V. Willstrop, took energetic action to overcome this problem, which arose largely through the excessive diurnal range of temperature in a dome which was not by any means constructed to the best standards of thermal insulation. The dome and building were painted white externally to reduce daytime heating; large fans were installed in the walls of the building and small ones behind the primary telescope mirror, to provide a flow of air at the external temperature in through the dome aperture and down the telescope while observations were in progress; and the primary mirror was kept at night-time temperatures during the day by active refrigera tion.
During the first decade of its operation, the 36 inch was used almost exclu sively for stellar photometry in narrow bands of wavelength. This research grew out of Redman's interest in more conventional photometry, as a result of his dissatisfaction with the vagueness of the definitions of stellar magnitude systems. These were-and still are-generally based on the intensities observed with partially specified equipment, so that the wavelength bands might for instance be restricted simply by the characteristics of filters and photomulti pliers obtained from specified sources, and the actual response of the instru ment as a function of wavelength would be ill defined and difficult to reproduce. Indeed, in many cases it would not even be known at all. In an effort to over come these deficiencies, Redman sought to define the wavelength bands for stellar photometry by using a small spectrometer with appropriate diaphragms in the focal plane. By restricting the bandwidths to about 200 A, the variations in unspecified parameters (transmission of atmosphere, telescope and instru ment, response of detector) would be small within any one band; while the cut-off at the band ends, defined by the instrumental profile of the spectro meter, could be quite sharp. Thus the transmission function would have sharp ends and a nearly flat top, be accurately specified and reproducible, and could be positioned at will.
An experimental spectrometer designed by Yates was soon succeeded by one of Willstrop's design. The difficulties imposed by Cambridge sky condi tions resulted in the project, and Willstrop, being transferred to the Cape; however, the spectrometer was not compatible with any of the Cape telescopes and accordingly remained in Cambridge. Redman thereupon experimented with the Willstrop spectrometer to see whether, by simultaneous photometry in several narrow bands suitably chosen with regard to spectral features in the stars observed, astrophysical (rather than brightness) information could be obtained, and whether dependence on sky conditions could be eliminated.
The principle of this method is to use the spectrometer to isolate a feature of interest in the stellar spectra to be observed, and to measure the light intensity in the band so defined simultaneously with the intensities in comparison bands selected on both sides of it. Then, since the mean wavelength of the comparison bands can be made the same as that of the central band, no amount of extinc tion-even if it is not spectrally neutral-can influence the result. For the same reason, there is no need to use the spectrometer with an entrance aperture large enough to admit the whole of the star image-the aperture can be made a narrow slit, with consequent improvement in resolution and definition of the pass-bands.
Redman applied this method first, with the assistance of a student, R. F. Griffin, to a large programme of measurements of the 4200 A CN band in late-type stars. This band had been used as a luminosity discriminant by those concerned with spectral classification, and Redman's intention was to discover whether absolute magnitudes could be assigned to stars on the basis of objec tive measurements of CN strength. As was to happen in so many other instances, the true situation proved to be much more complicated than it promised to be at the outset, so that although a general correlation of CN intensities with luminosity was found, the relationship was far from unique and could not be used for quantitative assignments of luminosity. Nevertheless, the tech nique held promise of important applications to other spectral features, and Redman next encouraged Griffin to design a larger spectrometer, with rela tively high resolving power, specifically for such work. From that time onwards, a succession of Redman's students was engaged in making narrow-band measurements, and much quantitative information especially about stars of the later spectral types-was accumulated. At first the measurements were discussed empirically in relation to other known parameters of the same stars, but efforts were later made to interpret them directly in terms of the quantities of interest (temperature, surface gravity, chemical abundance) by the use of model stellar atmospheres.
By a slight extension of the narrow-band technique, Griffin was able to measure radial velocities of late-type stars, and Redman promoted this work with shrewd advice and by the allotment of a generous share of telescope time. Indeed, his inspirations for the design of radial-velocity spectrometers out stripped the time he was able to devote to implementing them, but there is no doubt that they will influence progress in this field for a considerable time to come. One of the first programmes of radial-velocity observations was directed, at Redman's suggestion, towards the remeasurement of some of the stars which Redman himself had observed while he was an assistant at Victoria. He was concerned to know whether he had correctly estimated his errors; it was a considerable satisfaction to him when it turned out-as has happened so rarely in this field-that the standard error he assigned at the time was exactly confirmed by the new measurements.
During the 1950s and early 1960s Redman found the difficulty of pressing a substantial programme of observation through in the climatic circumstances of Cambridge increasingly irksome. He succeeded in getting the solar equip ment moved to Malta on what was nominally an expeditionary basis, but was unable to obtain support for moving the 36 inch reflector to a good overseas site or for acquiring a comparable telescope to use at an outstation abroad. In an effort to find an inexpensive solution to the problem of obtaining a tele scope of worth-while aperture, he sought a method of making telescope mirrors out of commercial plate-glass sheet. If the problems of figuring and supporting such thin mirrors could be overcome, the whole structure and mounting of the telescope would be very much lighter and cheaper, while problems associated with the long thermal time constant of conventional mirrors would disappear. With the aid of a grant from the R. W. Paul Instrument Fund, Redman com missioned Grubb, Parsons to attempt to make, under his direction, a 36 inch mirror out of 1 inch plate glass and to provide a cell to enable the mirror to be used in the Cambridge telescope for trial in actual observing conditions. Although it proved possible to figure a thin mirror, a fully satisfactory result was not achieved, largely because commercial glass, produced at that time by a rolling process, had an inbuilt tendency to astigmatism.
During the later years of his Directorship and the short period of his sup posed retirement, Redman became increasingly active in the plans being made and implemented by the Science Research Council for the construction of large telescopes. He would no doubt have been even more enthusiastic had
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Biographical Memoirs he been in a position to lay such plans for the specific benefit of the Cambridge Observatories; but as that was not possible, he willingly undertook the work for the benefit of British astronomy as a whole. His position as Director of the Observatories was in any case seriously compromised in 1967 by the inevita bility of a review by the University of its commitments to astronomy as one result of the establishment, on a site adjoining the Observatories, of an Institute of Theoretical Astronomy. The Institute was funded only for five years, and if it were to continue beyond 1972 the University had to find the funds to support it. By great misfortune Redman was to reach the age limit for retire ment just at the critical time in 1972, while both the Assistant Directors of the Observatories (von Kliiber and E. H. Linfoot) were to retire shortly before then. To keep its options open, the University generally refused to appoint staff to vacancies which occurred during the quinquennium, or to permit any commitment extending beyond 1972. In the event, it decided at the eleventh hour to amalgamate the Institute with the depleted Observatories to form a new organization temporarily designated the Institute of Astronomy; and it somewhat ironically nominated Redman as the first Director, to hold office from 1 August 1972, the date of the amalgamation, until his retirement two months later. As well as serving on the more routine Committees of the Science Research Council, Redman was a member of the Southern Hemisphere Review Com mittee, which considered the needs of British astronomy in the southern hemi sphere, especially in relation to expenditure in South Africa during the AngloAustralian Telescope era. The transference of the Royal Observatory at the Cape to the South African Council of Scientific and Industrial Research was one effect of this review. From the planning stages of the Anglo-Australian Telescope, Redman acted as Astronomical Consultant to the executive body in charge of the plans (first the Joint Policy Committee and then the A.A.T. Board). He made a considerable number of visits to Australia on behalf of the A.A.T. He took a particular interest in site selection, and, to provide experi mental vindication of an opinion he had long held concerning the advantages of mounting telescopes at a substantial height above ground level, arranged for microthermal testing of certain sites at a number of heights on masts. To this end he provided electrical thermometers, made in his own Department, of very short time constants, and himself undertook the analysis of records made with them. When plans for a Northern Hemisphere Observatory were begun, it was natural that the Science Research Council should look to Redman for substantial guidance, and he was from the first a member of the Planning Committee. After his 'retirement' he worked, as a matter of fact, virtually full time on A.A.T. and N.H.O. business, even at one time going on a complete tour of astronomical departments throughout Britain to discuss with all comers the N.H.O. plans with the aim of ensuring that the proposed Obser vatory would meet the wishes of potential users as far as was humanly possible within the financial and other constraints of the project.
N ature and personality
Redman was of an exceptionally modest disposition. He shunned all publicity, and as far as possible avoided all controversy except on strictly scientific issues. Perhaps for these reasons, he was rarely in the limelight, although he took a full share of responsibility in the various institutions with which he was associ ated, and carried a heavy administrative load for the quarter of a century that he directed the Cambridge Observatories.
In 1932 Redman was invaluable on any committee on which he served, not only because of his willingness to do a large share of the donkey-work but even more because of his capacity for giving a disinterested opinion on any issue of importance and his ability to temper enthusiasm with practicality.
This same ability was apparent in his own research. Redman was always more concerned to have something that worked and to do a job simply and correctly than to use sophisticated and unreliable techniques for their own sake or for that of novelty. He recognized that complication and expense are no substitute for the proper planning and careful execution of an observation. Moreover, he was very concerned that observations should be directed to the solution of astronomically important problems; and he never tired of telling one of his proteges, who developed a penchant for investigating the orbits of spectroscopic binaries, not to waste his life on them-'single-line spectro scopic binaries never did anyone any good!' Although he did not by any means suffer from a bad memory, Redman was a prodigious note-taker. When he went to a meeting or visited anywhereeven on an altogether informal visit-he would return with pages and pages of notes, quoting what everyone said and did, with details of all equipment and of how it was intended to work and whether it did so, and so on. As a result, he was unusually well informed on all sorts of matters. He was also well able to check the veracity of the minutes of the meetings he attended; and although he rarely bothered to challenge the minutes publicly, he was known to remark in private (particularly in relation to meetings in Holborn) that he could hardly believe that the minute-writer could have been at the same meeting that he (Redman) had attended! A talent which Redman used sparingly but to devastating effect was that of making an unexpected interjection in someone else's lecture or in the proceed ings of a meeting. It was as if Redman, who was normally anything but dis ruptive at a meeting, could see in an instant the potentiality of a situation for a remark-usually humorous-and he just could not forbear to make it. Two examples must suffice here; others are to be found in, for example, reports of meetings published in Observatory, although of course no written report quite recaptures the surprise and amusement created by an unexpected remark. During a conference held in Cambridge in 1972 in Redman's own honour, a speaker was waxing eloquent about the iniquities of his predecessors in a field to which he had only recently turned his own attention, and asked rhetorically, 'If you start on a subject and find all the fundamental data are wrong, what can you do ?'-and before he could continue he was well and truly cut off by Redman's reply 'Measure more!' and the ensuing dissolution of the audience into laughter. On another occasion, the President of the Royal Astronomical Society had already embarrassed himself by his efforts to introduce a talk on a paper whose author, a Pole, had an altogether unpronounceable name; and just when he thought he had weathered the difficulty there came Redman's mischievous interjection, 'We didn't quite catch the name of the author, Sir ?' As a lecturer, Redman was exceedingly conscientious. Although astronomy was not available as an undergraduate option at Cambridge, he normally gave a lecture course on 'Introductory Astrophysics', covering a very wide range of topics, for graduates. He would never repeat a lecture from the previous year, but would at the very least ensure that it was up-to-date, incorporating any progress made in the subject, and correctly represented the situation at the moment of the lecture. This conscientiousness involved Redman in a great deal of work; it extended even to relatively elementary lectures given, for instance, to amateur astronomical societies, but it was most acute on the occasions when he had to give a considered review. Thus, as President of the Royal Astronomical Society, he was twice obliged to give the annual Presi dential Address. He chose as his topics 'The work of the Cambridge Observa tories' and 'Photometry in astronomy'. These Addresses were very typical of Redman. One would hardly guess, from their content, that the lecturer himself had made signal contributions to the subjects he was describing; they show, too, how Redman was capable of dispassionate thought and balanced judge ment even on matters with which he was personally involved at the time; and he was able to give a far-sighted overview of the situation of the day in relation to its historical context and the prospects for its future evolution. Another important lecture was the Halley Lecture for 1959, in which Redman reviewed what was known about 'Dust and gas between the Earth and the Sun'. Major contributions on the subject were made in his own Observatories, by von Kliiber and especially by Blackwell and his collaborators, through observations of the solar corona at eclipses and of the zodiacal light from a mountain site in the Andes, aircraft, and even manned balloons.
During the whole time that Redman was Director at Cambridge he gave encouragement and inspiration to a succession of young astronomers, person ally supervising their Ph.D. work in many cases; and he had the satisfaction of seeing them go on to earn high reputations in positions in other astronomical centres, both in the United Kingdom and overseas.
It was characteristic of Redman that he contrived to run his Department with a minimum of assistance-for instance, there was never more than one secretary at the Cambridge Observatories during his Directorship. When the secretary was away Redman thought nothing of manning the antediluvian telephone switchboard himself. It was upon such an occasion that a caller made the mistake, upon being told that the member of staff he sought to con tact was out, of asking if he might speak instead to the Assistant Director! Only then did Redman even consent to having his name on the Observatories' stationery. In his secretary's absence, Redman was sometimes obliged to do his own typing. He did not appear to mind this in the least; but although he could type very quickly he was also very inaccurate, and at such times his human qualities would come audibly to the fore. For the seventeen years that he lived within the Observatory grounds, Redman acted as janitor as well as Director, going the rounds each evening to see that windows were closed and doors were locked. He was always ready to do a job that needed doing, from wrestling with a recalcitrant instrument to repairing the notoriously fickle central heating system of the main Observatory building. An instance that remains in the memory is when, at tea-time one day, the 36 inch observer complained that the collimation of the telescope had slipped, as it was prone to do at that time, and Redman outlined to him the remedies that could be achieved when workshop time was available. The observer, with more exas peration than tact, replied that it was all very well, but that he had to observe that night and what the telescope needed was collimation right n o w ; where upon without further ado Redman accompanied him to the dome and helped to put the matter right.
Although he seems not to have maintained his activity in sports and athletics after leaving school, Redman kept fit throughout his life by avoiding mechan ized forms of transport whenever possible. Almost to the end of his days he remained boyish in appearance, as well as in figure and movement. He was a tremendous walker. In childhood he almost walked his sisters off their feet; as a young man he went for walking holidays, often alone, and was noted in Cambridge for his long stride and remarkable walking speed; and even when he had retired he would often walk, after a meeting of the Science Research Council in Holborn or the Royal Astronomical Society near Oxford Circus, to Liverpool Street for the train home, occasionally accompanied by a colleague who-as astonished as he was reluctant-felt he had had a tiring day! His normal means of transport in Cambridge was a bicycle; but during his last decade, when he lived about miles from the Observatories, he would gener ally make one journey a day in each direction on foot, usually in the morning, and the sight of Redman striding briskly along Grange Road became familiar to many who did not even know his name.
Redman's personality was accurately described in The Times obituary as 'warm and generous'. He obviously enjoyed family life. He came from a family of four, had four children himself, and even reproached them for not having yet produced sixteen grandchildren-the logical attitude he exhibited in his scientific work was evidently not allowed to interfere with domestic matters! Professionally-especially among his own contemporaries-he had a reputation for pessimism and gloom; but it was due solely to the realism he was able to bring to any assessment of the future. His real nature belied that reputation. He had a huge, uninhibited, infectious laugh, which communicated to others better than could be achieved by words the fun he could see in almost any situation. Redman's presence at dinner in St John's College was readily detect able from across the Hall on the evidence of this superb laugh, even though its author might be hidden from view.
Remarkable examples of his unstinted and almost clandestine generosity are afforded by the 'Observatory Club' and the 'Syndicate Lunch'. The Obser vatory Club, founded in 1909 by H. F. Newall, was not at all what its title might imply; it was simply the series of occasional lectures, in number about ten a year, given at the Observatories on random astronomical subjects by speakers who were often from outside Cambridge. But even the most mediocre speaker was guaranteed a good attendance by the altogether-remarkable teas which always accompanied the lectures. These teas were laid on by Redman, acting entirely in a private capacity. In the earlier years, he would receive (and make grateful public acknowledgement of) contributions from the wives of some of the members of his staff, the rest being the products of Mrs Redman's cooking, if necessary supplemented by those of a local bakery. Later the contri butions diminished but the teas maintained, both qualitatively and quantita tively, their splendid character, much to the benefit of the baker as well as that of the recipients-many of whom must to this day be unaware that they were enjoying private hospitality, such was Redman's reticence on these matters. It was the same with the Syndicate Lunch. The Observatories Syndicate was a body of distinguished people drawn from several different sources, and on paper it had substantial powers in relation to the Observatories. In practice it met once a year, performing little more than its minimum statutory functions but supporting Redman with its numerical strength and moral authority in his dealings with the University administration. On the occasion of the annual meeting, not only the members of the Syndicate but also the Observatories' staff and others connected with the Observatories were invariably invited to a first-rate lunch in a private dining room at St John's College. Again, although the invitations bore Redman's name, it was by no means obvious that those present at the lunch were not the recipients of institutional hospitality but were in fact Redman's private guests.
In such time as he spared from his work, Redman's principal relaxations were music and gardening. He often went to concerts with Mrs Redman. Music ran strongly in the family: in view of Redman's ability on the piano and his wife's on the violin, it is not surprising that the children too enjoyed learning to play sundry musical instruments, and-particularly during school and university vacations-people who worked in the main building of the Observatories would not infrequently be regaled with harmonies originating in the adjoining Director's House.
Family
Redman's parents lived long enough to see their son distinguish himself in his chosen career; they took great pride in his accomplishments, and never regretted their encouragement of his academic inclinations. They lived all their lives in the family home in Stroud; Redman senior lived to the age of 87, his wife to 96-indeed she died only two years before Redman himself. From the time he left home to go to university, right up until his mother's death after he had retired, Redman faithfully wrote a letter home every week. Redman's three sisters, Marjorie, Phyllida and Hilary, survived him. Of the three, only Hilary married; Phyllida lived with her parents and cared for them in their old age, while Marjorie made a career in journalism.
Redman married Annie Kathleen Bancroft, the daughter of Joseph Bancroft and Margaret Bancroft ( n e eL itch), of Annapolis Royal, No wedding was in Victoria, British Columbia, on 15 June 1935. The couple were introduced to one another by C. S. Beals (later Dominion Astronomer) in Ottawa in 1932, when Redman was on the eclipse expedition there; the future Mrs Redman was the sister of Beals's wife.
The Redmans had four children-three sons and a daughter. Indeed it was a point of pride with Redman to have four: if his parents (who were a good deal worse off in many respects than he was) could bring up four children, then so could he! All four have Cambridge degrees. The eldest, David Roderick, was born in 1937 and is now a doctor in general practice in Stockton-on-Tees. Miriam Joyce, born in South Africa in 1939, is the wife of D. A. Rose, soil physicist, of Littlehampton. Christopher Willard George, born in 1941, is Consultant in Maternal and Foetal Medicine at the Radcliffe Infirmary, Oxford; and the youngest, Richard Carlyle, born in 1945, followed his brothers into medicine and is a general practitioner in Burnham Market, Norfolk.
It was no doubt his family responsibilities-both to his aged parents, and to his young family, particularly as regards their education-which largely influenced Redman to return from South Africa to England in 1947. From the purely astronomical point of view there can be little doubt that it would have been more attractive to stay at the Radcliffe Observatory and use the 74 inch telescope on the many then-untouched problems of the southern sky, rather than to return to post-war England with the task of re-equipping the Cam bridge Observatories.
From 1947 until 1964 the Redmans lived in the Director's House at the east end of the main building of the University Observatory; they then moved to a house in Gough Way, Cambridge, and the Director's House was converted for observatory purposes. Both before and after the move, they entertained frequently and generously. It was always a pleasure to visit the Redman house hold, where one would feel immediately drawn into the warmth and companion ship of a large and united family. The fact that the Redmans were great trencher men was probably connected with the excellence of Mrs Redman's cooking; and students invited for a meal could therefore really indulge themselves without feeling in the least conspicuous! While they lived in the Observatories grounds, the Redman family would have a Christmas party, for everyone connected with the Observatories; and with four children at their most inventive and mischie vous age helping to host the party, it was always a memorable occasion.
